Since Jones and Nevin first described the electroencephalographic (EEG) abnormalities of CreutzfeldtJakob syndrome in 1954, the periodic, generalised, and three to four phased complexes of sharp and slow waves (periodic synchronous discharges) have been regarded as the most useful clue to the diagnosis of this syndrome. However, the reported incidence of the periodic synchronous discharges in the EEG of patients with this syndrome has varied from 50 to 900 and the electroencephalographic, clinical, and neuropathological correlation in this syndrome has not been established. The purpose of this report is to compare the appearance of the periodic synchronous discharges with cardinal clinical features and the pathological findings in the cases with CreutzfeldtJakob syndrome.
METHODS
Four cases with Creutzfeldt-Jakob syndrome verified by necropsy were studied. The age of these patients at the onset of the illness ranged from 57 to 65 years. The EEG were recorded with the Nihonkoden Electroencephalograph type ME 135 D with the 10-20 system of electrode placements. The histograms of the intervals between the periodic synchronous discharges for six minutes were made in each case, and the periodicity, persistency, and fluctuation in the appearance of these discharges were serially analysed. Continuous recording of the EEG, electrooculogram (EOG), electromyogram (EMG), respiratory movements, and electrocardiogram during night sleep were made by (Accepted 14 May 1976.) the usual methods on one patient in the late stage of the disease.
All necropsy material obtained from the various lobes of the brain, basal ganglia, midbrain, pons, medulla oblongata, cerebellum, and spinal cord were processed according to the standard techniques of neuropathological examination. They were topographically evaluated for the presence and the degree of status spongiosus, astrogliosis, and neuronal loss. T. E. After an upper respiratory infection, this 60 year old woman developed rapidly progressive visual loss and disturbance in consciousness. Two months after the onset she developed akinetic mutism.
Fifteen serial EEG recordings were made throughout the six months of the illness. In the first EEG (Fig. 1) , recorded when slight disorientation developed, many predominantly anterior high voltage slow waves in the theta range and paroxysmal bursts of delta activity were observed. The rhythmic alpha waves were suppressed and disorganised. In the second EEG (Fig. 2) Electroencephalographic and clinicopathological stuidies on Creutzfeldt-Jakob syndrome synchronous discharges (Fig. 3) and no further change until her death, except for the gradual flattening of the interval tracing between the spikes.
The neuropathological examination revealed diffuse astrogliosis and status spongiosus in the cerebral cortex (Figs. 4 and 5 ). In comparison with these changes, the degree of neuronal loss was relatively slight. These pathological processes were most prominent in the calcarine cortex of the occipital lobe, less so in the parietal lobe, and far less prominent in the temporal and frontal lobes. The cerebral white matter was unremarkable. In the basal ganglia, status spongiosus was not so prominent, but moderate astrogliosis was observed in the corpus striatum and pulvinar of the thalamus. Slight astrogliosis was also seen in the medial and lateral nuclei of the thalamus and the hypothalamus. In the cerebellum, slight degradation and astrogliosis of the granular cell layer were observed in the dorsal aspect of the hemispheres. (Fig. 6 ). In the last EEG, recorded three weeks later and one week before death, no focal predominance of the periodic synchronous discharges could be detected.
Neuropathological examination revealed mod-__A,, I I, I... x' FPa-Aa (Fig. 8) group.bmj.com on October 30, 2017 -Published by http://jnnp.bmj.com/ Downloaded from frequency. Generally, the distribution of the slow waves was diffuse, but focal predominance was observed transiently in cases 1, 2, and 3, in the early stage. Periodic synchronous discharges were recorded in all four cases. In cases 1, 2, and 3, they were recorded for the first time seven to 11 weeks after the onset of the initial symptom, and did not disappear until shortly before each patient's death. Initially, the periodic synchronous discharges were not constant, exhibiting a variable interval and focal predominance, but rapidly the discharges became continuous, highly periodic, generalised, and bilaterally synchronous. These features were clearly demonstrated by plotting a serial interval histogram ofthe periodic synchronous discharges (Fig. 9) , which also showed that, when the continuity of the discharges was established, their periodicity was markedly stable with a dominant interval of 0.6 s. (1.7 Hz) in cases 1, 2, and 3 (Fig. 10) . In addition, the interval between the discharges became slightly longer toward the terminal stage in cases I and 2. In contrast with these cases, periodic synchronous discharges appeared in only one EEG recorded in the late stage in nine serial recordings of case 4. The mode of appearance of the periodic synchronous discharges in this patient was intermittent and the period of the discharges was longer and less constant than the other three cases. The wave forms of the periodic synchronous discharges were similar in cases 1, 2, and 3. They were high voltage complexes composed of a spike or a sharp wave followed by a slow wave. The periodically recurring complex of case 4 was a high voltage irregular slow wave. Its duration was 0.4 to 0.5 seconds in cases 1, 2, and 3, and 0.7 to 0.8 seconds in case 4.
A close correlation between the occurrence of periodic synchronous discharges and progression of disturbed consciousness, myoclonus, rigidity, Gegenhalten, and startle response was found clinically in our cases. After the mode of appearance of the spontaneous discharge became continuous, its rate was not influenced by exogenous stimuli, but by an endogenous factor, probably sleep. To confirm these observations, an overnight EEG was recorded in case I (Fig. 11) . Periodic synchronous discharges and myoclonus were observed continuously for several hours after the EEG recording was started. Then the myoclonus ceased and the periodic discharges disappeared completely for episodes of several minutes. This phase (named phase II for convenience) appeared repeatedly until daybreak. In phase II, moderate voltage rhythmic activity of 5 to 8 Hz appeared diffusely in place of the periodic discharges. The patient's neck and extremities were flaccid, without Gegenhalten. Respiration and heart rate were slow and regular. No rapid eye movements could be observed in the EOG. At the end of this phase, the rhythmic waves of the theta band disappeared suddenly and polyphasic, high voltage slow waves appeared intermittently with concomitant myoclonus. Initially, the period of these slow waves was relatively long, but gradually the initial component of the high voltage slow waves became sharp and the frequency shortened to 1.7 Hz. Associated with these changes, myoclonus became violent, and one to one correspondence with the periodic synchronous discharge was lost. At the same time, muscular rigidity increased and respiratory movement became fast and irregular. No normal sleep pattern could be observed.
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DISCUSSION
Increased attention has recently been g diagnostic value of the EEG in the Creut; syndrome. Slowing of the background; most common finding in reported case specific finding. The progressive degradat ground activity which finally leads to the of periodic spontaneous discharge ha served by several authors (Burger et al., hammer et al., 1972; Lee and Blair, 1973; . Though the periodic discharge h corded in various pathological conditions (Cobb and Hill, 1950; Lesse et al., 1958; 1963; Fenyo and Hasznos, 1964; Cobb, et al., 1968; Ohya et al., 1974) , the Creut; syndrome shows the most characteristic 1 distribution is generalised and bilateral nous, the periodicity is constant, the wave form is rather uniform consisting of a high voltage spike or T. E. 6Oyr F. sharp and slow wave complex, and its appearance is usually persistent unitil shortly before death.
Of the four cases of Creutzfeldt-Jakob syndrome presented here, two subgroups could be discerned clinicopathologically: cases 1, 2, and 3 are thought to be the so-called Heidenhain subtype of subacute spongiform encephalopathy and case 4 is considered to be more akin to the classical Creutzfeldt-Jakob disease. It is interesting that there seem to be some remarkable differences in the EEG findings between T. H. 59yr M. these two subgroups of the syndrome (Table 1) . In reviewing the EEG findings of previously reported cases of subacute spongiform encephalopathy (Gloor et al., 1968; Goldhammer et al., 1972; Burger et al., 1972) , it is confirmed that theabovementionedcharacteristics of the periodic spontaneous discharges of the Creutzfeldt-Jakob syndrome are most marked in subacute spongiform encephalopathy. It is said that the periodic discharge is recorded in about one-half of cases with Creutzfeldt-Jakob syndrome verified by necropsy (May, 1968; Yuasa, 1969; Hamanaka et al., M. 0. 66yr M. 1970) . However, in reports dealing only with subacute spongiform encephalopathy, almost all of the cases showed the periodic synchronous discharges (Goldhammer et al., 1972; Burger et al., 1972; Roos et al., 1973) . It may well be said that subacute spongiform encephalopathy, which is regarded as the most clearly definable subtype of Creutzfeldt-Jakob syndrome clinically and neuropathologically (Matsuoka et al., 1970; Schlote, 1970) , also has the most characteristic s ofperiodic EEG findings. en they were With regard to previously reported studies (Nelson and Leffman, 1963; Rayport, 1963; Gloor et al., 1968; Lee and Blair, 1973) , it may be postulated that the periodic synchronous discharge develops when the loss of cortical inhibition over subcortical structures brings about hypersynchronisation of the neurone group in the central grey matter. Such abnormal disYiven to the charges are conducted upward by the relatively unzfeldt-Jakob involved diffuse thalamocortical projection system activity, the and fire the remaining cortical neurones. Though es, is not a there are some reports on a close relationship beion of back-tween the appearance of the periodic EEG complex appearance and respiration and sleep pattern in children with ,s been ob-subacute sclerosing leucoencephalitis (Fenyo and 1972; Gold-Hasznos, 1964; Scollo-Lavizzari, 1968) group.bmj.com on October 30, 2017 -Published by http://jnnp.bmj.com/ Downloaded from pearance of the rhythmic theta waves in phase II of the sleep EEG seems to suggest that the electrical activity of cortical neurones is preserved to some extent even in the later stage. This is consistent with the histological observation which revealed relative preservation of normal cortical neurones in our cases. The characteristic features in the periodic spontaneous discharge of the subacute spongiform encephalopathy group of our cases are considered to be based on the relative preservation of white matter and brain stem structures. The atypical appearance of the periodic spontaneous discharge in case 4 may suggest that marked extension of the disease process occurred in the cephalocaudal direction relatively early in this case.
